We present the Ðrst comprehensive catalog of variable stars in the Leo II dwarf spheroidal galaxy. We have identiÐed 148 RR Lyrae type variables, of which 140 were amenable to derivation of variability parameters with our data. We have also conÐrmed the existence of four anomalous Cepheids as identiÐed in previous studies. The average period of the RR Lyrae ab variables (0.62 days), the fraction of c variables (0.24), and the minimum period of the RR Lyrae ab variables (0.51 days) all deÐne Leo II as an "" Oosterho † intermediate ÏÏ galaxy. We have used the properties of these variables to derive a metallicity for Leo II of approximately [Fe/H] \ [1.9. We attempt to resolve discrepancies between this value and those determined by previous e †orts. The presence of longer period, higher amplitude RR Lyrae variables implies a metallicity distribution that extends to as poor as [Fe/H] \ [2.3. Leo IIÏs location on the period-metallicity relation of clusters, like that of other "" Oosterho † intermediate ÏÏ objects, falls between the Oosterho † class I and Oosterho † class II clusters. The properties of the variable populations of these objects are consistent with the idea that the Oosterho † "" dichotomy ÏÏ is a continuum. The gap between the classes seems to be explained by the horizontal branch of Galactic globular clusters shifting away from the instability strip at intermediate metallicities. However, Leo II, as well as other Oosterho † intermediate objects, has a second-parameter e †ect strong enough to leave horizontal-branch stars in the instability strip.
INTRODUCTION
The Leo II dwarf spheroidal (dSph) galaxy was Ðrst identiÐed by Harrington & Wilson (1950) on the Palomar Sky Survey. Detailed information about Leo II did not appear in the literature for over three decades as a result of its extreme distance and small size (except the star count study of Hodge 1962 and abstracts on variables in Swope 1967 Swope , 1968 . A wave of interest in the 1980s (Hodge 1982 ; Demers & Harris 1983 ; Aaronson, Olszewski, & Hodge 1983 ; Azzopardi, Lequeux, & Westerlund 1985 ; Suntze † et al. 1986) revealed Leo II to be a metal-poor, second-parameter horizontal-branch object with a handful of carbon stars.
Recently, a series of studies have expanded our knowledge of the Leo II system. Demers & Irwin (1993, hereafter DI93) , with deep BV CCD photometry, derived a metallicity of [Fe/H] \ [1.9 and revised Leo IIÏs distance to 215 kpc. This was followed by the V I CCD studies of Lee (1995, hereafter L95) and Mighell & Rich (1996, hereafter MR96) . The former derived a metallicity of [1.97, while the latter derived a metallicity of [1.6 and determined that Leo II formed almost all of its stars between 7 and 14 Gyr ago. Both conÐrmed a distance modulus close to the DI93 value. Vogt et al. (1995) measured radial velocities in Leo II and derived a mass-to-light ratio of 11.1.
One of the gaps in our knowledge of Leo II remains its variable star content. The seminal work in this Ðeld was to be the comprehensive survey of Baade & Swope. Their collection of over a hundred Palomar 200 inch (5 m) plates was intended to produce a complete catalog of Leo II variables. Unfortunately, while the catalog exists, it has not been published, nor has a rigorous analysis been applied to the data. Swope did publish two brief abstracts, one reporting the identiÐcation of 152 variables and period measurement for 76 (Swope 1967 ) and another reporting four anomalous Cepheids (Swope 1968) . A later update by van Agt (1973) reported 64 Bailey (1902) type ab RR Lyrae stars, six type c, and an average ab period of 0.59 days. Neither report was considered complete by the authors, and neither included coordinates, Ðnding charts, or light curves. DI93 reported the identiÐcation of 80 variable candidates but did not have enough images to Ðt light curves.
In this paper, we publish the Ðrst comprehensive list of positively identiÐed variable stars in Leo II. We have found 148 RR Lyrae variables, for which we have successfully derived periods and amplitudes for 140. The distribution of periods is very similar to other dSph galaxies, with a moderate fraction of RRc variables. All of our observations are consistent with an "" Oosterho † intermediate ÏÏ classiÐcation for Leo II, and this classiÐcation is exhibited on a star-bystar basis. We have also identiÐed four anomalous Cepheid variables. The presence and characteristics of these populations conÐrm that Leo II is metal-poor with a large intermediate-age population. The longest period RRab variables hint at the existence of Leo II stars as metal-poor as [Fe/H] \ [2.3.
OBSERVATIONS AND REDUCTION
We observed the Leo II dSph galaxy with the 4 m Mayall Telescope at Kitt Peak on UT 1997 April 8È9 and 1998 February 22È23. Both observing runs used the T2KB 20482 thinned CCD chip and standard Harris-prescription UBV Ðlters. Our Ðrst observing run used the old Mayall primefocus doublet corrector, while our second used the new four-element corrector (now in use with the Mosaic camera). To avoid the ghost image produced by the fourelement corrector, the camera was mounted 10@ o † of the optical axis of the telescope. This increased the distortion of the images, but not to a level that was uncorrectable. All data were reduced by the standard CCDPROC pipeline in IRAF.2
All four nights su †ered from very nonphotometric observing conditions. We are, however, able to transform every frame to an identical instrumental system by intercomparing individual photometric measures from frame to frame. This correction was applied iteratively until the average frame-to-frame residuals were reduced to 0.001 mag. The combined instrumental magnitudes have been calibrated to the BV data set of DI93 within 0.01 mag by ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ 2 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
FIG. 2.ÈV magnitude plotted against the modiÐed Welch-Stetson index. All objects above the dashed line were marked as potential variables. While the bright-end locus moves above this line, almost all of these objects had increased indices because of saturation e †ects.
the application of zero-point and color corrections :
This transformation does leave some nonlinearity in the comparison (Fig. 1 ). This nonlinearity is approximately 0.1 mag over the 4 mag of comparison. This may be due to Ðlter di †erences or a nonlinearity in the CCD used in one of the two studies. Independent calibration of the data set will clearly be required in the future. Because of this nonlinearity, all variable measures and light-curve determinations were made purely from the instrumental system. However, all average magnitudes and intensity-weighted mean magnitudes in our catalogs have been converted to the DI93 system via the equations listed above. We found that a total of 72 Leo II UBV images were usable for photometry. All of these images were processed through DAOPHOT (Stetson 1987) and ALLFRAME (Stetson 1994) . The combined photometry is complete to a depth of B \ V \ 24.5, with instrumental errors at the horizontal branch of Leo II (V \ 22.1) of (p V , p B ) \ (0.008, 0.016). However, the individual images have a wide variation in quality. Their average completeness limit is B \ V \ 23.5, with individual frame errors of (p V , p B ) \ (0.08, 0.06) at the horizontal branch.
Accurate stellar positions were derived by using the IRAF task TFINDER with the Hubble Space T elescope (HST ) Guide Star Catalog (GSC). We were able to derive centroids for eight HST GSC stars in our central Ðeld and used these stars to derive an approximate plate solution. Color and magnitude e †ects on the derived positions have not been accounted for. The coordinates listed in our variable catalogs (Tables 1 and 2) are accurate to within  approximately A CCD template image is available via 0A .5. the electronic edition of the Astronomical Journal, and Table 3 lists the X-Y positions of the variable stars.
LIGHT-CURVE FITTING
Our UBV data include 56 V -band observations of Leo II. All but one of these were deep enough for reasonable photometry of the horizontal branch. Our observations also include 13 usable B-band observations and three usable U-band observations, which we have excluded from the period Ðtting because of the very poor phase coverage of the images. Table 4 lists the Julian Dates and V magnitudes of all observations of our variable stars.
To identify variables in our data, we used a slightly modiÐed version of the Welch-Stetson variability index (Welch & Stetson 1993 ), adopted from that calculated in the DAO-MASTER code included with ALLFRAME. We conÐned our variability search to V images, as they were more numerous and of better quality. Figure 2 shows the index versus magnitude plot and our selection criteria (index º3.0). A limit of 3.0 was selected as the lowest index at which most stars had clear light curves and below which signiÐcant numbers of spurious detections began. We restricted our attempts to Ðt light curves to stars that had at least 20 observations and had been observed in both runs.
Periods were identiÐed by both phase dispersion minimization (PDM ; Stellingwerf 1978) and StetsonÏs (1996) modiÐed version of the LaÑer-Kinman index (LaÑer & Kinman 1965) . The IRAF version of PDM proved very useful for identifying true variables and revealing the nature of those variables. It was especially adept at narrowing the range within which to search for periods, at Ðnding periods for the short-period variables, and at producing light curves. The modiÐed LaÑer-Kinman method proved more e †ective with longer period stars. Once a family of reasonable periods was identiÐed, we ran each period through a s2 Ðtting routine to reÐne amplitudes and to break the degeneracies of equally suitable periods. This routine used the templates of Layden (1998) for RRab stars and a sinusoidal curve for RRc.
In almost all cases, an obvious best Ðt was obtained. In some cases, degeneracies remained. These occurred in two intervalsÈlarge degeneracies of 0.2È0.5 days and small degeneracies of 0.01È0.02 days. Large degeneracies could be broken by using the well-established di †erences between RRc, RRab, and anomalous Cepheid stars (rise time, amplitude, and color). Small degeneracies were slightly more difficult to break. We settled for the period giving the lowest s2 Ðt. This period was then varied by several times 10~5 days to further improve the Ðt.
The greatest deÐciency of this technique is that a star that is not sampled at or near the peak brightness (within 0.1È0.2 in phase) will not be amenable to Ðtting. In fact, for lowamplitude variables, it may not even have the contrast in brightness to be Ñagged as a variable. We have attempted to increase the number of detected variables by lowering the variability index threshold to 2.0. Approximately 10È20 stars in this range are potential RR Lyrae variables based on their PDM spectra. However, the magnitude contrast over the light curve is so slight that solutions prove very degenerate, if they are obtainable at all. For some of these stars, di †erent periods have a s2 value below 1.0, making them statistically equivalent. Rather than include a small number of very poor or very degenerate variables, we left any variable with an index below 3.0 out of our sample.
ClassiÐcation of variables was straightforward. The three types of variable stars that commonly occur in dSph galaxies are RR Lyrae type ab, RR Lyrae type c, and anomalous Cepheids. All three objects have well-established loci in periodÈamplitudeÈluminosityÈe †ective temperatureÈrise time space. 
THE VARIABLE STAR CATALOG
Our variable star catalog (Tables 1 and 2 ) lists two identiÐcation numbers. The Ðrst is a running number for the variables alone, beginning with the 80 candidates from DI93. The second is a corresponding number from our master photometry catalog of Leo II. These identiÐcation numbers are from ALLFRAME and roughly correlate with magnitude. Periods, amplitudes, and pulsation modes are listed for stars for which these parameters could be derived. Magnitudes for most of the variable stars are intensity- weighted mean magnitudes. They were derived by integrating the template light curve in 0.02 phase increments (the same phase increments used in the Layden templates). For variables for which no variability parameters could be derived, the average observed magnitude is given.
We have compared our catalog of variable stars with the list of potential variable stars in DI93. Of the 80 potential variable stars, we recover 40 as RR Lyrae type ab, 13 as type c, and six as unknown RR LyraeÈlike stars. One other star is an anomalous Cepheid. The remaining 15 are not variables according to our analysis, although seven of these 15 have variability indices between 2.0 and 3.0, which places them just below our selected variable envelope ; these may be true variables of very low amplitude or variables that were not in optimal phase during our observations. Table 5 lists the variable candidates in DI93 that did not meet our variability criterion, along with their corresponding identiÐ-cation number in our master photometry catalog and our Welch-Stetson variability index. Figure 3 shows the period-amplitude distribution of the positively identiÐed RR Lyrae variables in Leo II. Parameters of the variables are given in Table 1 , while light curves are shown in Figure 4 .
THE RR LYRAE VARIABLES
We note the well-established period-amplitude relationship in the type ab variables. The c variables are of nearly constant amplitude, although there is some hint of the parabola-like shape predicted by Bono et al. (1997) .
For eight variables with RR LyraeÈlike variations, we were unable to obtain satisfactory Ðts to the photometric data. These stars could potentially be Blazhko (1907) variables or double-mode pulsators (Cox, King, & Hodson 1980 ; Sandage, Katem, & Sandage 1981 ; Cox, Hodson, & Clancy 1983 ; Nemec 1985b) . Our data are not sufficient for a more rigorous analysis of their light curves. We have identiÐed an additional three variables that have a welldeÐned light curve in one epoch of data and a poorly deÐned one in the other. The likely explanation is that these are exhibiting the Blazhko e †ect. They are listed in Table 1 with the best Ðt that could be obtained to one epoch of photometric data ; these stars are noted with a classiÐcation of "" abb.ÏÏ Sandage (1993a, hereafter S93a) demonstrated that the shortest RRab period could be used to discern the location of the blue fundamental edge of the instability strip, which is a function of metallicity. Using his relation of
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and the shortest RRab period of 0.50692 days (log P \ [0.295), we derive a metallicity of [1.68 on the ButlerBlanco scale (Butler 1975 ; Blanco 1992 ). This scale is 0.2 dex richer than the standard Zinn-West scale (Zinn & West 1984) , so we correct our metallicity to [1.88.3 This is closer to the low metallicity of DI93 and other ground-based ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ 3 The Zinn-West scale has been examined by Carretta & Gratton (1997) and Rutledge, Hesser, & Stetson (1997) and has been shown to have nonlinearity in comparison with their metallicity measures. While metallicity measurements in this paper use the Zinn-West scale, the nonlinearity should have only a minor e †ect upon our conclusions. A missing variable with a period of 0.469 days would move the metallicity scale back to the MR96 value. Such a low value does not occur in any of our Ðtted RRab periods or in the degeneracies of our unÐttable variables. S93a also deÐned several other relations for metallicity determination, which we list in order of declining sensitivity of our data. The mean period of RRab variables is well deÐned by our data (0.619^0.006 days). S93a deÐnes several relations between average RRab period and metallicity. We have chosen the relationships for cluster variables in which the average period has not been corrected for number density across the instability strip. This relation uses parameters closest to the actual measured quantities : Suntze † et al. 1986 ; DI93 ; L95) .
The notable exception to these consistent metallicity determinations is MR96. Their analysis showed that photometric contamination of the red giant branch by red clump stars could have shifted DI93Ïs estimated metallicity. However, MR96 also noted a 0.10 mag di †erence between their V magnitudes and those of DI93, which they attributed to inaccurate air-mass estimates on the part of DI93, possibly as a result of the eruption of Mount Pinatubo. We are puzzled by this explanation, since DI93 observed standard stars on the same nights as Leo II. Unless the distribution of Pinatubo debris was extremely inhomogeneous, it should a †ect the extinction terms equally for both standard and Leo II stars. The MR96 explanation would require a conspiracy of higher extinction only during Leo II observations. L95 detected a smaller V -band di †erence of 0.02 mag in the brightness range of interest (both L95 and our own comparison show some nonlinearity at the bright end of the DI93 CCD data). A zero-point correction to the V and I magnitudes of MR96 might result in a shift of their color, which would produce a metallicity-reddening shift based on MR96Ïs use of SarajediniÏs (1994) calibration technique. A shift of 0.06 in color would move the giant branch onto an [Fe/H] \ [1.9 metallicity relation. In the MR96 analysis, this is a 6 p deviation. However, Stetson (1998) has shown that Wide Field Planetary Camera 2 (WFPC2) dataÏs best attainable photometric precision is approximately 0.02 mag, because of charge transfer efficiency problems in the detectors. When taken in quadrature with MR96Ïs (very small) photometric scatter and the uncertainties of the HST zero points (Holtzman et al. 1995) , we estimate the uncertainties to be more likely near 0.03È0.04 mag. This would reduce the shift of MR96 zero points to a 1.5È2 p e †ect. Given the comparisons between the V -band magnitudes of MR96, L95, DI93, and our own study, we Ðnd a systematic magnitude shift of the WFPC2 data to be a plausible reconciliation of all the metallicity measures of Leo II.
However, the existence of a more metal-rich population could be plausible if it is too young to have a signiÐcant RR Lyrae population. MR96 showed that the youngest stars in Leo II are 7 Gyr old, with a typical star having an age of 9 Gyr. This is less than what is generally thought to be the minimum age possible for an RR Lyrae star, 10È12 Gyr (Olszewski, Aaronson, & Schommer 1987, hereafter O87) .
It is not clear how much weight such an argument should be given. First, O87 and MR96 use di †erent methods of analysis. O87 used the BV isochrones of VandenBerg & Bell (1985) and VandenBerg (1985) . MR96 averaged eight di †er-ent age estimates, ranging from 7 to 11 Gyr (their Table 5 ). Of these, the most comparable age indicator to that used in O87 is the Revised Yale Isochrones (Green, Demarque, & King 1987) , which produced an age of 10 Gyr, just inside the O87 RR Lyrae minimum age envelope. Second, Leo II is only 1È3 Gyr younger than the supposed RR Lyrae minimum age, a di †erence comparable to the uncertainties (2 Gyr in both cases). Finally, the lower bound of RR Lyrae ages has only been determined by the comparison of Lindsay 1 to other LMC clusters, and such an important result will not be conclusive until a wider variety of clusters lacking RR Lyrae variables have been studied. Until the issues involved with globular cluster ages are fully resolvedÈand more cluster ages are determinedÈthe possibility of a young, more metal-rich, variable-less population remains open.
We are intrigued by the presence of ab variables with periods longer than what should be the red edge of an [Fe/H] \ [1.9 population. These imply a population that is more luminous than the bulk of Leo II variables. To separate out the more luminous stars in Leo II cleanly, we have applied a period shift analysis to our data (Sandage 1981a (Sandage , 1981b Carney, Storm, & Jones 1992) .
Period shift is measured by comparison with a reference variable population. The usual candidate population is that of M3, for which Sandage (1982a Sandage ( , 1982b ) derived a measure of where is the * log P \ [(0.129A B ] 0.088 ] log P), A B amplitude in the B passband. However, we applied this formulation to the recent measurements of M3 variable periods and amplitudes by Carretta et al. (1998) and Kaluzny et al. (1998) and found a period shift of 0.015 by the Sandage formulation. We are unable to explain this discrepancy but have corrected the period shift zero point to produce a * log P of 0.000 for the new M3 data. We have also derived a conversion ratio of The A B /A V \ 1.21. resulting revised period shift relations are
Our * log P values for Leo II from these relations are plotted in Figure 5 . The pulsation equation of van Albada & Baker (1971) is
Assuming a uniform mass, one can measure changes in luminosity by measuring the period and e †ective temperature of each star. E †ective temperature cannot be directly measured, but Sandage et al. (1981) showed that amplitude, speciÐcally in the blue passband, can be used to measure e †ective temperature. The most recent revision of this relation is by Catelan (1998) :
where is the equilibrium temperature. Equilibrium tem-T eq perature is not the same as e †ective temperature, but it is very similar (Carney et al. 1992) . This relation has only a weak dependence upon metallicity. By comparing the periods of two stars with identical amplitudes, we compare FIG. 5 .ÈPeriod shift e †ect in the variables of Leo II. * log P is the period shift. The right ordinate shows the corresponding magnitude shift, under the assumption of constant mass. The dashed lines mark the zone avoided by Galactic and cluster stars.
stars at identical temperatures. This enables us to measure di †erences in luminosity.
The resultant theoretical scale is the right ordinate *M V of Figure 5 . While there is a large amount of scatter intrinsic to the period shift measure (and our conversion of the relations to the V passband only ampliÐes this scatter), it is clear that the stars in Leo II are dominated by a population 0.08 mag more luminous than the stars of M3, with a higher luminosity tail in the longer period variables.
To conÐrm the increased luminosity for the longer period variables, we have directly compared the apparent magnitudes of our higher period shift population with the bulk population. We Ðnd that the nine most shifted stars (* log P \ [0.08) in Figure 5 (excluding the two that clearly deviate from the main magnitude locus in Fig. 8  below) average 0.09^0.03 mag brighter than the bulk of the RR Lyrae stars. This is smaller than the 0.2 mag di †er-ence implied by the period shift analysis (see Fig. 5 ), which indicates a di †erence in mass for the more extreme Leo II variables.
If we abandon the assumption of Ðxed mass and use di †erences in magnitude to constrain luminosity di †erences, we can measure the relative mass of each star by rewriting the pulsation equation as
where is the average RR Lyrae mass, M is the mass M avg of an individual star, and m are the average and indim avg vidual apparent magnitudes, and S* log PT is the average period shift in Leo II. Using this formulation, we estimate the second population of stars to be 13% less massive than the average Leo II RRab star.
While longer period variables can occur in the absence of metallicity e †ects (Lee & Carney 1999b ; Pritzl et al. 2000) , this signature is also seen in Sculptor (Kaluzny et al. 1995) , which has a well-established spread in metallicity (Norris & Bessell 1978 ; Smith & Dopita 1983 ; Da Costa 1984 , 1988 Kaluzny et al. 1995 ; Majewski et al. 1999 ; Hurley-Keller, Mateo, & Grebel 1999) . This may warrant a closer look at the Leo II color-magnitude diagram to see if a dualmetallicity model may be more appropriate, as in the case of Sculptor. While dramatic conclusions should not be drawn from a handful of unusual stars, if the increased luminosity is the product of metallicity alone, this second Leo II population would have a metallicity of [Fe/H] \ [2.3 using the RR Lyrae luminosity calibration of Sandage (1993b).
Oosterho † ClassiÐcation
It has long been known that Galactic clusters fall into two categories based upon the properties of their RR Lyrae variables (Oosterho † 1939 ; see also a history of this phenomenon in S93a and Smith 1995) . The ratio of c to ab variables of 0.24, the average RRab period of 0.62 days, and the minimum RRab period of 0.51 days are hallmarks of an Oosterho † classiÐcation for Leo II that is intermediate between Oostero † types I and II. This classiÐcation is also seen in the Sculptor dSph galaxy (Kaluzny et al. 1995) , Sextans (Mateo, Fischer, & Krzeminski 1995) , several Magellanic clusters (Bono, Caputo, & Stellingwerf 1994) , and possibly the Draco (Nemec 1985a) , Carina (Saha, Monet, & Seitzer 1986) , and Ursa Minor (Nemec, Wehlau, & Mendes de Oliveira 1988) dSph galaxies.
S93a argued that the Oosterho † dichotomy is the result of a continuous change of RR Lyrae properties with metallicity. The gap between Oosterho † classes would result from Galactic clusters with metallicities between types I and II having extreme blue horizontal branches that depopulate the instability strip (Renzini 1983 ; Castellani 1983) . Leo II and other Oosterho † objects, however, have a secondparameter e †ect that populates the red end of the horizontal branch (HB) and the instability strip. Figure 6 plots the average ab periods and spectroscopic metallicities of the clusters listed in S93a and the intermediate Oosterho † clusters and dSph galaxies listed above. The Oosterho † intermediate objects Ðll in the gap between the Oosterho † classes and fall close to the relation of S93a. This would support the Renzini-Castellani-Sandage explanation of the Oosterho † dichotomy.
The one caveat to this conclusion is that the dwarf spheroidal galaxies show evidence of multiple populations (see summary in Grebel 1997 , 1999 and Mateo 1998 Sandage (1993a) . The signiÐ-cantly deviant point is M2, based on the study of Lee & Carney (1999a) .
FIG. 7.ÈLight curves of the anomalous Cepheid variables in Leo II
We Ðnd this to be a dubious interpretation. In the Ðrst place, the four intermediate LMC clusters all clearly have single populations. Second, in the case of Leo II and Sculptor, the consistency between nonvariable measures of metallicity and the S93a formulation for the RR Lyrae stars indicates that the less metal-poor population is the origin of the bulk of the variables.
A third argument against this can be seen in Figure 5 . The period shift is also a useful measure of the Oosterho † e †ect in individual stars. Both cluster stars and Ðeld stars exhibit the Oosterho † dichotomy by avoiding * log P values between [0.01 and [0.05 (Suntze †, Kinman, & Kraft 1991) . If the Oosterho † intermediate objects are a superposition of types I and II, the mean * log P value may be in the forbidden zone, but individual stars should avoid it. Clearly, just as the Oosterho † dichotomy is exhibited for Galactic cluster and Ðeld stars on a star-by-star basis, so do the variables of Leo II violate that dichotomy on a star-bystar basis. Our reformulation of the * log P measure places 56 of our 106 RR Lyrae ab variables into the forbidden region. Using the classical * log P formulation places 39 of our stars in this region.4
This by no means implies that metallicity is the only parameter that a †ects the bulk and individual properties of cluster RR Lyrae stars. Metallicity has been suggested as the primary factor because of the likely increase in RR Lyrae luminosity with declining metallicity, which would produce the Oosterho † e †ect (Sandage et al. 1981) . Any other e †ect that increases RR Lyrae luminosity, including HB evolution, would also a †ect the properties of the variable stars (Lee, Demarque, & Zinn 1990) . Evolution is apparently the best explanation for the deviation of M2 from the primary locus in Figure 6 (Lee & Carney 1999a) . However, Figure 6 shows that metallicity is the "" Ðrst parameter ÏÏ of average RRab period.
Distance Modulus
RR Lyrae variables are a useful tool for measuring distance modulus. However, the only studies that could be used to calibrate our data to true apparent magnitudes (Demers & Harris 1983 ; DI93 ; L95 ; MR96) More importantly, the metallicity spread in the RR Lyrae variables of the dSph galaxies could assist with the reÐne-ment of the relation. Similar e †orts with the M V -[Fe/H] globular cluster u Centauri (Dickens 1989 ) have been inconclusive, possibly because of the complicating e †ects of evolution (Gratton, & Ortolani 1986 ; Lee 1991 ). Tornambe`, It has been argued that there is no universal M V -[Fe/H] relation that is independent of the e †ect of evolution as expressed in horizontal-branch morphology (Lee et al. 1990 ; Clement & Shelton 1999 ; Lee & Carney 1999b ; Demarque et al. 2000) . Untangling the evolutionÈ metallicityÈabsolute magnitude question, especially in the absence of direct spectroscopic measures of RR Lyrae metallicity, is well beyond the scope of this paper.
6. ANOMALOUS CEPHEIDS Swope (1968) identiÐed four anomalous Cepheid variables in Leo II. We have also identiÐed four variables with parameters similar to SwopeÏs that are cleanly separated from the RR Lyrae locus in periodÈamplitudeÈmagnitudeÈ colorÈrise time space. Light curves and derived parameters are given in Figure 7 and Table 2, respectively. We have listed what we believe to be the correct cross identiÐcations to the anomalous Cepheids of the Swope study. However, her V1 and V51 are not clearly distinguishable in the absence of a Ðnding chart.
The apparent magnitudes and periods of all RR Lyrae and Cepheid variables are plotted in Figure 8 with the fundamental and Ðrst-overtone Cepheid pulsation lines from Nemec, Nemec, & Lutz (1994) . We Ðnd two fundamentalmode and two Ðrst-overtone pulsators among the anomalous Cepheids.
The origin of anomalous Cepheids and their implications are still poorly understood (cf. Nemec et al. 1988 ; . They can be indicative of a 5È10 Gyr old population, which MR96 showed exists in Leo II. They can also be mass transfer binaries, for which a speciÐc ratio of D1È10 for blue stragglers to anomalous Cepheids is predicted (Renzini, Mengel, & Sweigart 1977) . Our photometry of Leo II, at present, does not allow a robust estimate of the blue straggler content, because of the rapidly declining photometric accuracy as the data approach the mainsequence turno †. However, if the suggested ratio were to hold up, the deep photometry of MR96 would be expected to show 0.5È5 blue stragglers (normalizing to the ratio of horizontal-branch stars in our study and MR96). Even a cursory glance at their Figure 4 reveals a much higher number of blue stragglers. However, it is unclear how centrally concentrated these objects are (the MR96 pointing is close to the center of Leo II). Only deep wide-Ðeld photometry of the entire dSph will provide an accurate statistical handle on this question.
7. CONCLUSIONS 7.1. L eo II and the Oosterho † Continuum The RR Lyrae variables in Leo II place its dominant metallicity at [Fe/H] \ [1.9. A handful of long-period, large * log P stars appear to imply a lower metallicity population. This is not conclusive, but it warrants a more comprehensive look at the color-magnitude diagram of Leo II, which we will perform in a future contribution. At present, we can make no contribution regarding Leo IIÏs distance modulus, because of the nonphotometric conditions during our observations. Leo II is Oosterho † intermediate class, like several other objects, including a number of dSph galaxies. Its violation of the Oosterho † gap is exhibited in both the bulk and individual properties of its RR Lyrae stars. The Oosterho † intermediate objects Ðll in the Oosterho † gap and, therefore, support the interpretation that metallicity is the dominant parameter in determining average RRab period. Lynden-Bell (1982) was the Ðrst to note that the dSph galaxies appear to lie in two great streams in the sky. One of these streams appears to include Fornax, Leo I, Leo II, and Sculptor. Majewski (1994) noted that Phoenix, Sextans, and several second-parameter objects also lie along this plane. Palma, Majewski, & Johnston (2000) found that the outermost kpc) second-parameter globular clusters (R GC [ 25 have the highest probability of being aligned with one of the two streams. While such alignments could be coincidental, they could also result from a common formation mechanism, in which case one might expect some similarities in the stellar populations of brethren objects.
T he Fornax-L eo-Sculptor Stream Revisited
Comparisons between the populations of Leo II and Sculptor are possible from the available data. Both show a strong low-metallicity ([Fe/H] \ [1.7 in Sculptor), second-parameter, Oosterho † intermediate population.
Both also show evidence of a less populous, even more metal-poor population. In Sculptor, this population does not have a second-parameter e †ect and is spatially dispersed . The presence of a spatial gradient in the horizontal morphology of Leo II (Da Costa et al. 1996) may indicate a similar abundanceÈHB morphology pattern to that observed in Sculptor.
Fornax also has multiple populations. While it is dominated by a population at [Fe/H] \ [1.5, it shows evidence of populations from [0.7 to [2.2 in both its Ðeld star and globular cluster populations (see Buonanno et al. 1985 ; Beauchamp et al. 1995) . The most metal-poor population, like that in Sculptor, is much more extended than the metalrich populations (Grebel & Stetson 1999) . One could envision a scenario in which Fornax, Leo, and Sculptor all originated in a common [Fe/H] D [2.3, Ðrst-parameter HB progenitor and then, after dissociation, each object followed its own star formation history. Alternatively, perhaps there is something fundamental about the "" threshold ÏÏ metallicity [Fe/H] \ [2.3 in small stellar systems. We note that the lowest metallicities in the Milky Way globular cluster system are also around [Fe/H] \ [2.3 (Harris 1996) .
Any Ðrm conclusions about correlations between Leo II, Sculptor, and Fornax must await the measurement of their absolute proper motions. This will be the single most powerful discriminant for or against a common history. However, the similarities between the most metal-poor populations in each of Leo II, Sculptor, and Fornax are intriguing.
